The dynamic performance of a turboshaft gas turbine engine is investigated in this paper. The air flows inlet to the engine and to the power turbine, are controlled by means of two guide vanes cascade. The displacement of the inlet guide vanes is controlled by means of two electrohydraulic servo actuators. The fuel flow rate is controlled by another electrohydraulic controller incorporating a series pressure compensated flow control valve. The equation describing the basic system subsystems and controllers were deduced and applied to develop a simulation program. The simulation program of the electrohydraulic servo controllers was validated experimentally. The engine dynamic performance is studied theoretically using the developed computer simulation program. Simulated results are shown for the transient response of the engine air and fuel flow control systems and its effect on the engine performance. The simulation results of engine air flow control show an agreement with the validated experimental results.
Introduction
The gas turbine engines suffer transient operation during the startup, shutdown, load changes, and abnormal emergency operation. During the transient operation, the system response should be as short as possible and temporal peaks of main parameter such as turbine inlet temperature and component rotational speed should not exceed certain reference values required for safe and reliable operation.
Therefore, a precise prediction of the dynamic response of gas turbine engines is very important for stable operation, fault diagnosis, controller design, etc. To study the effect of air and fuel flow control on the dynamic performance of the gas turbine engine, the engine as a controlled system must be analyzed statically and dynamically. The study starts by deducing a mathematical model describing the engine operation. The deduced mathematical model consists of a set of non linear differential and algebraic equations. These equations are obtained by the application of several laws [1] presented a simplified mathematical representation of a gas turbine engine. The engine is represented by a first order transfer function. He presented an analysis of a frequency response and a design of a speed control. On 1998, Corsa [2] presented a Simulink program for the aero-thermodynamic simulation of a gas turbine engine and investigated its transient response. On 2001, Kim [3] presented an investigation of a transient performance of a gas turbine engine based on a one-dimensional conservation equation. He presented also a modified dynamic simulation of full startup procedure of heavy duty gas turbine engine [4] . A contactless controlled spool electrohydraulic proportional actuator is employed to control the air and gases flow through the studied engine. Dynamic simulations of the air and gases flow control through the studied engine have been investigated theoretically and experimentally [5] . Herein, in part 1, a mathematical model and simulation program were developed to study the effect of air and fuel flow on the dynamic performance of a land system gas turbine engine. The governing equations were deduced and used to simulate the dynamic performance of the engine.
Gas turbine engine under study
The engine under study is a turboshaft gas turbine engine of 1500 hp (1118.5 kW) output shaft power, Fig. (1) . It is a free-power turbine engine that utilizes a two-spool compressor and a counter flow type stationary heat exchanger (recuperator). The studied gas turbine engine consists of: Inlet guide vane (IGV). 
Mathematical model of the studied engine
The basic equations are used to model the parts performance of the studied gas turbine engine. The equations are written for different parts of the engine to predict the overall engine dynamic performance, [1] and [5] .
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Combustor inlet 
Where the incidence loss (Δhi) can be calculated by:
Where the rotor and stator incidence losses are calculated using the formulas [2] :
The friction loss across a single stage of the compressor is given by the following:
Thus, the total enthalpy difference across the compressor stage is calculated by:
The following equation is for the compressor pressure rise (π lpc ) in N number of stages with similar enthalpy rise. Equations from (1) to (7) show that the pressure rise across the LPC is highly affected by the air flow rate, the compressor speed and geometry. The work done (W) and the temperature rise (T) through the LPC can be predicted as follows, [2] :
High pressure compressor (HPC)
HPT drives HPC by the interconnection shaft. The HPC receives the compressed air from the LPC and increase its energy. So, the pressure rise (π hpc ) across the axial and radial HPC can be predicted, [2] : 
The work and the temperature rise through the axial HPC can be predicted by:
The work done and the temperature rise through the radial HPC and can be predicted as follows:
Combustion chamber (CC)
The compressed air from compression system and the injected metered fuel mix and burn in the combustion chamber. The heat added to the CC depends on the amount of fuel flow rate and the heating value of the fuel. 
Turbines section
HPT and LPC are used to drive the HPC (axial and radial) and LPC respectively through connecting shafts. Thus, the work done produced by the turbines can be predicted, [1] and [2] :
Then the temperature drop across the HPT and the LPT can be calculated by:
So, the expansion pressure gradient across the HPT and LPT can be calculated by:
The response of engine components speed can predict from the angular equation of motion of the rotating parts, [2] , [3] and [4] :
Power turbine (PT)
Engine output power is generated in the PT by the effect of the high energy gases pass through the PT cascade. The pressure drop in the PT is calculated by: (23) and (33) the outlet temperature from the PT and at The RC hot side can be predicted:
Output shaft power
Output shaft connects the PT to the RGB. The engine specific output shaft power can be calculated from the work done by the power turbine and the gases passes through. 
Simulation results
MATLAB and SIMULINK programs are used to simulate the dynamic performance of the studied engine parts from Eq. (1) to (37). Figures (2) and (3) are an example of the simulation results. They show the steady state simulation results for the pressure ratio of the HP compressor and the engine output shaft power at different air to fuel ratio. This simulation results is for the studied engine with the maximum turbine inlet temperature (2200 o K) (manufacturer given) and for constant engine rotors speed. 
Fuel flow control
The studied gas turbine engine fuel flow control consists of the following, 
Differential pressure regulator valve (DPRV)
This valve is indented to maintain constant pressure difference (p 1 -p 2 ) across the fuel metering orifice. Its transient response should be fast enough to keep this pressure difference constant irrespective to the pump flow rate and load pressure variations. The pump flow rate can be described by the following flow equation:
The flow rates through DPRV restrictions are: 
The valve spool motion is: 
Hydraulic amplifier
The electric command signal is changed into an amplified hydraulic signal by the solenoid and hydraulic amplifier, Figs. (6) and (7). The mathematical model describing the dynamic performance of the hydraulic amplifier and the driving solenoid is deduced the equation of motion of the solenoid core, neglecting the effect of magnetic hysteresis [4] , [6] . 
The flow rate passing through the hydraulic amplifier is written as:
The continuity equation in the hydraulic amplifier chamber is as follows, [7] and [8] :
dt dp B 
Pressure regulator
The pressure regulator maintains a constant reference pressure p 2 . The pressure regulator dynamic performance is modeled mathematically. The flow rate through the pressure regulator restrictions of the valve spool is given by, [9] :
The geometry of the projected area of the pressure regulator is shown in Fig. (8 
The flow rate through the damped holes is given by:
The pressures P 2 and P b are obtained by applying the continuity equations for the pressure regulator as [12] : dt dp B 
Metering unit
Figure (9) shows a fuel metering unit equipped with contoured-double slab metering valve which varied the orifice area to produce a metered area proportional to valve spool travel. The pressure difference (P 1 -P 2 ) across the metering unit orifice is maintained constant by DPRV. This let the metered fuel flow proportional to the orifice area. Equation (41) is used to calculate the metered fuel flow as follows: The orifice flow around the metering valve servo piston is affected by the pressures P R and P x which controlled by hydraulic amplifier. 
Feed back system
LVDT is the feedback device to the ECU about the engine fuel flow rate, [9] and [13] :
Simulation results
The deduced mathematical relations are used to develop a computer simulation program for the studied fuel flow controller by the SIMULINK program. 
Air flow control
The engine intake air is controlled by a contactless controlled spool electrohydraulic servo actuator, Fig. (11) . Construction and operation of the studied EHSA was introduced [5] . Figure (12) shows the velocity triangle of the IGV which guides and controls the engine intake air flow. The engine intake air mass flow rate depends on two parameters; angle of inlet guide vanes controlled by IGV-EHSA and LPC speed. 
Mathematical model of air flow control EHSA
The mathematical model describes the air flow control EHSA was introduced in detail in the previous work [5] . The IGV angle depends on the EHSA displacement (y EHSA ). 
Simulation results
The deduced mathematical relations are used to develop a computer simulation program for the studied air flow controller by the SIMULINK program. 
Experimental study
The experimental work, conducted during this study, aims at the validation of the simulation program of the EHSA controlling the guide vanes angle, IGV and PTS. The detailed derivation of the mathematical model and the theoretical performance analysis were previously published [5] . 
Experimental results
The The spool is driven mainly by the pressure forces. Therefore, the reduction of the supply pressure leads to lower transient speed and longer settling time.
The uncertainty on the EHSA displacement measurements depend on the accuracy of the solenoid command current and the supplied pressure. The measurements were repeated (10 times) to be confident with the measuring results. The measurements have standard deviation about (1.08) and repeatability about (2.44) for confidence level (95%).
Validation of the air flow controller simulation program
The validity of the simulation program, previously discussed [5] , is evaluated by conducting experimental work and comparing the simulation and experimental results. The transient response of the EHSA displacement to step variation of input current was evaluated experimentally and by the simulation program. The experiment was conducted for step variation of input current from 0. The observed deviation between experimental and theoretical results is attributed to the adopted simplifying assumptions, mainly: Constant discharge coefficient through the orifices. Neglect the effect of jet forces on the valve ports. Neglect the minor and the major losses through the EHSA system, etc. The deviation observed from the comparison between the experimental and the theoretical results is from 8% to 16% which is acceptable. 
Conclusions
The dynamic performance of a heavy duty land system gas turbine engine is investigated in this paper. The studied engine is controlled by means of three electrohydraulic servo actuators, two for the air flow rate and one for the fuel flow rate. The equation describing the basic system subsystems and controllers of the engine were deduced and applied to develop a computer simulation program. The simulation program of the air flow electrohydraulic servo controllers was validated experimentally. The simulation results for the pressure ratio of the HP compressor and for the engine output power, estimated by the simulation programs could be observed reasonable behavior. The investigation of the dynamic performance of the engine as well as the effect of the basic parameters will be included in part II of this paper.
